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© Method and apparatus of ImpTantlng living cells wHh a foreign substance. 
Qy Disclosed is method and apparatus of implaming living 
cells with a foreign substance with the aid of laser beams. 
According to this invention Kving cells are exposed to a laser 
microbeam of energy sufficient to modify a selected part of 
the cell to be temporarily transparent to a foreign substance. 
After the foregin substance gets in the host cell, the selected 
part el the cell recoveres to the ongtnat state, thereby 
confining the foreign substance in the cett. 
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FILED OF THE INVENTION 

This invention relates to a method of incorporating 
a foreign substance into living cells. 

In the field of analysis of gene expression the 
nmbehavior of those genes which determine the character of 
a living thing is studied by incorporating selected genes 
into living ceils and by examining the transformation of 
the implanted. cells. 

For example^ a DNA is extracted from cancerated 
nmcells, and the substance is devided into minute 
fragments . of different" sizes. These frangmerits are 
classified in terms of size. Then, DNA fragments of 
different sizes are incorporated into living cells. 
Cancerated cells being detected among those implanted 
cells, DNA fragments which are suppoised to be the cause 
for canceration can be determined in term of size. 

A prior art implantation method comprises the steps 
of: putting living cells in a solution containing DNA 
frangments; making a small hole in each living cell with 
the aid of a fine needle under the optical - microscope; 
allowing DNA fragments to get in the host cell through its 
hole; and confining the fragments in the host cell when 
the host cell heals its hole ./(See Japanese Patent 
Appliation No. 56-171347, compulsory-disclosed under the 
number of 58-76091). Another prior art implantation 
method comprises the steps of: precipitating a DNA in the 
form of calcium phosphate in a culture medium; and making 
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use of the phagocytosis of living cells to incorporate DNA 
precipitation into the host cells. These prior art 
implantation methods, however, have major defects. The 
former implantation method requires a skillfulness; 
otherwise, no holes can be made without injuring living 
cells. Also the work is tedious and laborious although 
nmthe implanation succeeds at a relatively high rate. 
Still disadvantageously certain cells do not permit hole- 
making with any needles. 

The latter implantation method is capable of 
handling a great-number of cells at one time. • The rate at 
nmwhich DNA fragments are incorporated into host cells, 
however, remains very low, say one tenthousandth 
(1/10,000) $it best. The rate at which the character of the 
planted cells is transformed is very small, and 
accordingly a very large number of cells need to be 
implanted, with. -DNA fractions. This demand cannot be met. 
Also, disadvantageously the method requires addition of 
calcium phosphate of so high a concentration that the 
.additive tends, to injure^ JUving cells. A later analysis 
must be conducted with much care. 

The inventors found that a living cell when exposed 
to a laser of appropriate energy will be partly, and 
temporarily modified to be transparent to a foreign 
substance, thereby allowing the substance to enter the 
living cell and canf ining the same in the living cell when 
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recovering to the original condition. This invention is 
based on the discovery. 

OBJECTS OF, THE INVENTION 

One object of this invention is tp provide a method 
of planting a very large number of cells with- a foreign 
substance such as DAN with a possible maximum efficiency. 

Another object of this invention is to provide an 
apparatus for planting a very large number of cells with a 
foreign substance such as DNA in a possible minimum time. 

Still another object of this invention is tp provide 
nman apparatus for making temporarily living cells 
trans)parent to a foreign substance without necessity of 
subjecting living cells to a special treatment. 

To attain these objects ^ are implantation method 
according to this invention comprises the steps of: 
nraexposing each livng cell to a . fine laser beam to bring 
at least one part of the cell surface to the condition in 
which the host cell allows a foreign substance such as 
DNA, protein or any other biopolymer to enter the host 
cell? and putting partly and temporarily modified living 
cells in condition that they meet with fractions of the 
foreign substance suspended in a medium. 

Advantageously a laser beam has a good 
directionality, and the incidence of a laser beam in an 
optical microscope permits its focussing to a possible 
minimum spot, thus making it possible to make a minute 
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"hole" (subroicron In diameter) in a host cell. (The word 
"hole" is intended to mean that the area of a living cell 
which is brought in condition for transparency to a 
foreign substance is in the shape of hole.) A pulse laser 
beam can be used then, the temperature rise of the cell 
caused by exposure to the laseb can be advantageously 
suppressed by reducing the pulse duration of the laser, 
thereby preverting the cell from being thermally killed. 
The laser has a single waive-length. The wave length can 
be selected as appropriate for the purpose of making 
-holes" in a given type host cell, considering the optical 
characteristics of the cell wall and the biomembrane as 
well as those of a foreign substance to be incorporated, 
nnffhe strength of a laser also can be adjusted over a wi^e 
range with recourse to appropriate electric control. The 
focussing depth in the host cell can be easily controlled 
with appropriate optical means. These together provide a 
great advantage to the microsurgery to which this 
nminvention is to be applied. An apparatus for making 
"holes" in living cells according to this invention uses a 
laser microbeam appropriate for the purpose of conducting 
a microsurgery on a living cell withoiit injuring its self- 
healing capability. 

The length of time for which ceils are exposed to a 
laser microbeam should be controlled so as to be long 
enough to make "holes" in the cells, but not enough to 
Sthermally kill those living things. The exposure time 



can be controlled by using a train o£ laser pulses each 
having a duration controlled appropriately for the purpose 
or by scanning with a laser jnicrobeam in an appropriate 
length of time a field in which a lot of living cells are 
suspended in a solution. Also, a laser microbeam can be 
thrown to a plurality of selected portions of a ^single 
cell among those floating still in a solution. 

Thus, according to one aspect of this invention an 
apparatus for making "holes" in living cells comprises: a 
laser source for providing a pulse on continuous wave 
laser microbeam, an optical syistem for* projecting a laser 
microbeam to living cells, and ineans for inohitoring living 
suspended cells in a solution. According to another 
aspect of ..this invention a -microsurgery apparatus 
comprises: a laser source, an optical system for 
nmprojecting a laser microbeam to living cells, means for 
monitoring living cells suspended in a solution, means for 
determining the position of a cell selected among those 
appearing in the field of said monitoring means, and means 
responsive to a start- i^signal -^dErora- said- ^ positions 
nmdetermining means for controlling the supply of the 
laser from said laser system. 

According to still another aspect of this invention 
a microsurgery apparatus comprises: a laser source, an 
optical system for projecting a laser microbeam to living 
Scells, means for monitoring living cells suspended in a 
solution, means for determining the position of a cell 
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selected among those appearing, in the field of said 
monitoring means, means responsive to cell position 
signals from said position determining means for storing, 
and meanis for controlling the laser microbeam and 
directing the same to selected cells one after another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of this invention will 
be understood from the following description of preferred 
embodiments ^f'-thi*»-invention which is made with reference 
to accompanying drawings: 

Fig. 1 is a copy of microscopic photograph showing 
NRK cells planted with gene (Ecogpt) according to this 
invention; < 

Fig. 2 is copies of microscopic photograph showing 
how a laser *:tnlcr6be*aia mak holes in NRK cells and for 
these cells heal their holes, these sights appearing in a 
video display; 

Fig. 3 is a copy of microscopic photagraph showing 
punched cells (human red blood cell); 

Fig\ 4 is a schematic block diagram of a laser 
punching apparatus according to a first embodiment of this 
invention; 

Fig. 5 is a perspective view of a lasler microbeam 
deflector used in the laser punching apparatus of Fig. 4; 
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Fig. 6 is a schematic block diagram of a laser 
punching apparatus according to a second embodiment of 
this invention; 

Fig. 7 is a schematic block diagram of a laser 
punching apparatus according to a -third embodiment of this 
invention; Pig. 8 is a : schematic block diagram of a laser 
punching apparatus according to a fourth embodiment of 
this invetion; 

Fig. 9 ^is a schematic block diagrem of a laser 
punching apparatus according to a fifth embodiment of this 
invention; • 

Fig. 10 is a copy of microscopic photograph showing 
detailes of portions of cells swept by a laser microbeam. 

v 

DESCRIPTION OF PREFERRED EMBODIMENTS 

As described earlier an . implantation method 
according to this invention comprises the steps of 
exposing each living host cell to a laser microbeam to put 
the :surface of the host cell in condition for temporary 
Otransparency to a foreign substance, on make **holes" in 
the host cells, and allowing these punched cells to meet 
with fractions of a foreign substance, thereby allowing 
nmthe foreign substance to get in the nearby cells before 
these cells heal their holes, and confining the foreign 
. substance in the host cells when their holes close. 
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There are a variety of inodt§sl in which fractioi)8 of a 
foreign substance meat with punched host cells to get in 
nmtheir holes, as for instance follows: first, cells and 
fraction of the foreign substance are suspended in a 
solution, and cells, are exposed to a laser microbeam one 
after another, thus causing punched cells to coexist with 
the fractions in the solution; second, a solution 
containing host cells is supplied in drips to another 
solution containing fractions of a foreign substance, and 
then each drip on the way to the lower solution is exposed 
and punched by. a laser microbeam; and third, a liquid 
carrying host cells and fractions of a foreign substance 
is made to flow in the field in which across a pulse or 
ccontinuDUST'^ 'Wave laser* - This final mode is most 
appropriate for the purpose of^ handling a lot of host 
cells, 

• ■ Referring^ to Fi^i 'Iv^^living cells planted with 
fragments of a foreign substance and dead cells which 
.could not survive owing to no foreign substance implanted 
therein are shown under microscope. Specifically, 
cultivation cells NRK originating from the kidney of an 
Osborn Mendel rat were modified so as to be unable to 
survive without Ecogpt (Xanthine-guanine phosphor ibosyl 
Transferase) being incorporated therein, and the cells NRK 
thus modified were put in an Ecogpt-containing medium 
(DMEM added with 10-percent unborn calf's blood serum) • 
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An infrared beam (1.06 microns long in wavelength) from a 
laser device (YAG laser) was converted to an ultraviolet 
beam (335 nanometers long in wavelength) , and the 
ultraviolet beam was introduced into a laser microscope. 
Then, living cells floating in the medium in the field of 
the microscope were exposed to pulse laser beam whose 
duration was 10 nanoseconds long* The laser beam was 
thrown at the rate of ten pulses per second, and a lot of 
living cells were treated in the same condition. The 
result is shown in the left half of Fig. 1 whereas cells 
exposed to no laser were shown in the right half of the 
drawing. 

The cells exposed to the laser took fragments of the 
foreign substance therein to survive^ but the cells 
exposed to no laser could take no fragments therein, and 
there fore, died. 

Living cells can heal their holes immediately after 
being, made. 

Pig. 2 is a photograph of a video sight showing NRKs 
immediately after being punched by a laser microbeam. 
Specif icaly. Fig. 2(A) shows the appearance of cells at 
the instant they were punched; Pig. 2(B) shows the 
appearance of cells immediately after , being punched; and 
Fig. 2(C) shows the appearance of cells after healing 
their hole (arrows indicating holes). 

Pig. 3 shows human blood cells dyed and punched with 
a laser microbeam. These photographs show the appearance 



of living cells immediately after being punched, proving 
that a single cell can be punched at it selected portions 
thanks to the good controllability of laser beams. As is 
apparent from the above the jnethod of this invention 
permits punching for the sake of implantation of a foreign 
substance in the cell. Also, this invention can be 
equally applied to microsurgery of cells, as for instance 
breaking a particular minute organ in a single cell. 

Application of this invention to the incorporation 
of genes into cells permits: production of useful 
substances in cells^ (for instance, synthesis of insulin on 
any other useful human substance in living cells; and 
improvement of domestic animals and agricultural products 
by substituting different genes for each other in 
different kinds of plants; or by incorporating good genes 
without recourse to fertilization). 

Now, a cell-punching apparatus according to a first 
embodiment of this invention is described with reference 
to Fig. 4. 

A laser beam (1060 nm long in wavelength) for 
punching living cells is thrown from a punching laser 
source 1 to a frequency multiplier 3 essentially composed 
of KDP or any other crystal appropriate for the purpose of 
converting to an ultraviolet (335 nm or 265 nm long in [ 
wavelength). The ultraviolet laser beam passes through a j 
shutter which is controlled by an associated shutter i 
driver 4. Then, the laser beam 2 is shaped by a beam| 



shaper 6. The laser beam thus shaped is changed in 
diretion by reflector 7, and is directed to a microscope- 
and-beam combiner 8. On the other hand, a reference laser 
beam 10 functioning as a pilot or tracing beam (for 
5 instance, He-Ne laser 633 an long in wavelength in the 
range of visible ray) is generated by a visible laser 
source 9. The reference laser 10 is shaped by a beam 
shaper 11, and then the shaped laser beam is reflected by 
a reflector 12 to travel toward the beam combiner 8 alohg 
10 with the punching laser beam 2. The puching and reference 
laser beams 2 and 10 after passing through a ; beam 
deflector 13 are combined by a condenser lens 8 ' • The 
combined laser beam is thrown to cells floating in a 
solution in which fractions of a foreign substance such 
15 as DNA are suspended. With cells are exposed to the laser 
beam, the cells are punched, A sample holder 15 is 
illuminated by a lamp 16 under the holder, thereby 
projecting an image of distribution of living cells in the 
sample holder to a TV camera 17 through the condenser lens 
20 8', and producing a visible image of cell distribution on 
a TV monitor 18. A stage 14 carrying the sampel holder 15 
is composed of an X-Y stage which is driver by a stepping 
motor 20, The shutter 5 is closed to prevent the throwing 
of the punching laser beam to the sample holder 15, and 
25 then the visible laser beam 10 from the laser source 9 
functions as a pilot beam, thus indicating on which place 
the punching laser beam is to be thrown. Otherwise, when 
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combined with the punching laser beam 2 the visible laser 
beam 10 functions as a tracing beam, thus making visible 
the trace on which the punching laser beam travels. 

In punching cells, the stage 14 is driven until the 
area in which living cells gather densely, appears in the 
field of the monitor 18, and then the shutter 5 is kept 
open thereby permitting the continuous throwing of the 
punching laser beam 2 onto the sample holder 15. Then, 
cells are exposed to the punching laser beam 2 one after 
Oanother simply by moving the stage 14* Tractions of a 
foreign substance floating in the vicinity of punched 
cells get in the "holes" of these punched cells. The 
living cells heal their holes in a few seconds, thus 
confining the foreign substance. in the cells. As a result 
the living cells carry a particular gene. Moving the 
sample holder with respect to the still pulse or 
continuous move laser beam to cause the same to sweep the 
cell-floating area in the solution is most effective to 
treat a lot of cells within a relatively short time. 

Fig. 5 shows the laser deflector 13 as comprising a 
combination of two galvanometers 13 and 13' each equipped 
with a reflector. The laser deflector 13 is driven by an 
associated two-dimensional scanning control 38 so as to ^ 
cause the visible laser beam 10 to scan a serlcted part of 
relatively small area in the field of the sample holder. h 
Then, resultant reflected rays, luminescence rays and^"*' 
scattered rays fall on the TV camera on a still camera 
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after passing through the condenser 8* thereby producing a 
clear image showing, in detail, the inner structures of 
selected cells. Pig. 10 is a copy of microscopic 
photograph taken by . sweeping with the visible laser beam, 
5 showing human red flood cells.. 

The area encircled with white line is the one swept 
by the visible laser beam 10^ showing detailes of the 
inner structures of selected ^ human red blood cells, in 
contrast with the rest area of the photograph illuminated 
10 by the lamp 15. Although the reason for providing such a 
clear <letailed image of the inner structure of the c^^^ 
not known, it appears to the invientors that the laser 
after passing through the condenser lens focuses on a 
point at a determined depth, thereby causing the 
15 appearance of a clear image of the inner structure of the 
cell taken along the focal plane at the depth. Thus the 
cell punching apparatus equipped with a laser sweeping 
with permits the monitoring of modification of the inner 
structure of a cell punched and implanted with a foreign 
20 ©substance. 

Pig. 6 shows a cell punching apparatus according to 
a second embodiment of this invention. As shown, cells 
descend one after another in a fine transparent tube 20 so 
that they are exposed to the punching laser beam from a 
'is laser source 21. Specifically, a solution 22 containing 
living cells and a protection liquid such as physiological 
saline 23 are fed to the fine tube 20. A probe laser beam 



is thrown from a probe laser source 24 to a detecter 25, 
crossing the decendent flow up stream of the place at 
which cells are exposed to the punching laser beam. The 
detector 25 detects a cell passing by the detector to 
generate and send a detection signal to a central 
processing unit 26, and then the central processing unit 
26 times the start of the punching laser source 21, thus 
causing the punching laser beam to hit the decending cell 
to make a' hole therein. Fragments of a foreign substance 
to be incorporated in cells such as DNA may be put in the 
solution 22 or the physiological saline 23* Thus^ the 
cell punching apparatus can punch about 1000 cells per 
second. If use is made of a detector capable of 
determining the angle of diffusion over which the laser 
beam spreads when falling on^ a cell, cells can be 
classified in terms of size, and hence kind. Thus, it is 
possible to select- and punch a particular kind of "^cells 
among different ones in a solution 22. The casting of the 
laser beam on cells may be controlled by controlling a 
shutter provided between the fine tube 20 and the laser 
source 21 rather than by controlling the punching laser 
source 21. 

Pig. 7 shows a cell-punching apparatus according to 
the third embodiment of this invention. This apparatus iSr 
so designed that a solution containing living cells is; 
supplied in drops across the punching laser beara,i^ 
Specifically, a suspension 22 containing living cells, and* 
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a protection liquid 23 such as physiological saline are 
fed to a nozzle 28 under pressure by air pumps 27 and 27'. 
A mixture of suspension and protection liquid falls in 
drops 30 under the action of a sapersonic nozzle uibrator 
29, which may be composed of, for instance, a 
piezoelectric element. In operation, the fall of a drop 
30 is detected by a prbbe laser falling on a detector 25, 
and then .the detector 25 sends a detection signal to a 
central processing unit 26. Thus, the central processing 
unit 26 allows a punching laser source 21 to throw a 
punching laser beam at the instant the drop is about to 
cross the punching laser source 21 , thereby making holes 
in cells in the drop. 

When drops 30 are exposed to the probe laser, it is 
Spossible to determine which kind (or size) of cells are 
contained in each drop with the aid of a conventional 
laser analyzing system, and if drops are charged with 
electricity of which the polarity and/or quantity varies 
with the kind of the cell, and if these drops fall across 
the electric field between apposite electrodes 32 and 32', 
they will be classified in terras of the polarity and/or 
quantity of the . electric charge, and will be put in 
different receptacles 33 and 33', thus classifying punched 
cells in terms of kind. 

As an alternative, if the drops are charged with 
electricity of the same sign and quantity, the strength of 
the electri field may be varied with the kind of the 
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punched celts. Fragments of a foreign substance, to. be 
incorporated into cells may be put in the suspension 22 # 
the protection liquid 23 or in the receptacles 33 and 33*. 
The casting of a punching laser beam from the punching 
laser source 21 may be controlled by controlling a shutter 
(not shown) provided between the path of drops and the 
punching laser source 21 rather than by controlling the 
laser source 21. In some instances the continuous casting 
of the punching laser beam may be preferred. 

Fig. 8 shows a cell punching apparatus according to 
a fourth embodimetn of this invention. 

The cell punching apparatus of Fig. 8 is different 
from that of Fig. 4 in that the former is equipped with a 
light pen 34 for indicating cells appearing in the field 
of the TV monitor 18, an' associated spot position 
determining means 35 for determining the coordinates of 
point of the monitor fiel^ oh which the light pen is put 
and a spot position control 36 for controlling the laser 
deflector 13 so as to direct the laser beam to the same 
point as the light pen indicates. The spot position 
control 36 is responsive to a coordinate signal from the^ 
spot position determining means 35 for driving the lascr^^ 

deflector 13 to direct the laser beam to the position^ 

' ' 

indicated by the light pen. In operation, jth| 

distribution of living cells in the sample holder .15;;i4i 
watched by the manitor TV 18, and the light pen 34 is^i 
on a selected part of a desired living cell selected - 
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those appearing in the field of the TV monitor 18. The 
coordinate of the point indicated by the light pen 34 is 
determined by the spot position determining means 35. A 
position signal representing the position indicated by the 
light pen is directed from the spot position determining 
means 35 to the spot postion control 36. Then, the spot 
position control 36 drives the laser deflector 13 to 
direct the laser beams 2 and 10 to the point indicated by 
the light pen 34. 

^fi time as the light pen indicates a given 

position, the position determining meahs generates a start 
signal, and the shutter driver .4 is responsive to the 
start signal for opening the shutter 5 for a predetermined 
period. Thus, a corresponding number of laser pulses 2 
are thrown onto the point indicated by the light pen 34. 
The punched cell allows fractions of a foreign substance 
to get therein, and then the cell heals its hole to 
confine the fraction therein as described earlier. 

In this particular embodiment the spot position 
control 36 is used to drive the laser deflector 13 for 
throwing the laser beam to a given position. - As an 
alternative the stage position control 19 is used to drive 
the stage 14 to attain the same effect. 

Fig. 9 shows a cell punching apparatus according to 
a fifth embodiment of this invention. 

A light pen 34 is used to indicate selected point or 
points on each of selected cells or every cell appearing 
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in the field of a monitor TV 18, and a spot position 
determining means 35 determines the . coordinates of the 
points indicated by the light pen 34. Then, signals 
representing these coordinates are directed to memory 41 
through a central procesing unit 40 so that the 
coordinates of the points indicated by the light pen are 
stored in the memory 41. These coordinates are read out 
one after another to input in the spot position control 36 
under . the control of the central processing unit 40. . The 
spot position control 36 controls the laser deflector 13 
in the same way as the cell punching apparatus of the 
fourth embodiment. On the other hand, the central 
processing unit 40 directs a drive signal to the shutter 
driver 4, thereby opening the shutter 5 for -a 
predetermined period to throw a punching laser beam 2 to 
the points indicated by the light pen one after another. 
Thanks to the use of memory living cells appearing in the 
field of the monitor TV are punched j.n rapid succession. 
It is possible to make a decision as to whether a cell is 
present or not in terms of the amplitude of video-signal 
from the. TV camera 17, and if the spot position detector 
35 is designed to make such a decision, the cell punching 
will be completily automated. Specifically, the so 
designed spot position detector 35 may analyze video- \ 
signals from the TV camera 17, thereby determining the^^ 
positions of cells appearing in the field of the TV^j, 
camera, and then the position signals representing tht 
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positions of cells are directed to the memory 41 for 
storing. In this case a pattern identification means may 
be used to identify cells in terms of the contour of cell. 

As shown in Fig. 9, a spectrometer 42, a photon- 
counter 43 and a multichannel analyzer 44 together 
constitute an analyzing system, which may be used as a 
monitor. Specifically, the optical system can make a 
decision as to the whether a cell is present or not at a 
given coordinate (and in some instances a decision as to 
Owhether a cell core is present or absent at a given 
coordinate) , in terras of spectrographic characteristics. 

The embodiments described above ui^e two different 
laser sources, that is, , punching laser source and 
reference laser source. It, however, should be noted that 
if a continuous or non-pulse visible laser beam is used as 
a punching one, no reference laser beam is necessary 
because the spot on which the punching beam focuses is 
visible in the field of a TV monitor. Also, it should be 
noted that a shutter for controlling the throwing of the 
Opunching laser beam is not limited to the mechanical one, 
and that a conventional photo-switch may be used for the 
purpose. The expression, "fragments or fractions of a 
foreign substance" used herein is intended to include 
birus, every kind of protein and full genome of DNA. 

Finally, in the examples and embodiments described 
herein above, selected portion or portions of each living 
cell are modified when exposed to a laser beam. This 
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should not be understood: as limitative, Indeedi. the whole 
area of the living cell may be modified if use is 'miside of 
a laser beam larger in diameter than the living - cell, 
indeed. 
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(b) 



^- Method Of implanting living cells with . 

^^P^^ing living cells to a laser . 
living cell to be . '^^"^ ^^^^^ each 

9 to be temporarily transparent to the 

foreign substance; and 

putting the cells and fragments of the fore' 
substance In i-k ■ ^^'^^S" 

With each other. 

2. Method according to claim i «k • 
- continuous _ or pjriir^^^^^ 

3. Method according to claim 2 wherein 

includes carrying said cells a ' 

cells across said laser beam. 

'Method according to claim 2 wherein 
includes sweeoina ^'^P 

=»'eepi„g a predetermined area „i^k . 
continuous wave las^r k ^«a with said 

laser beam, and the step "b" , . 
Pitting a medium containing said l* 

fractions of said for • "''^ ^'^^ 

said foreign substance in 
area. " Predetermined 



5 5. Method according to claim 5 wk • 

the cultivation of 3,1a Uvl„, 
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6. Appairatus of modifying selected portion or portions 
of each selected living cell to be temporarily transparent 
to a foreign substance comprising: 

a laser source; ; . . 

an optical system for throwing a . laser beam to each 

selected living cell; and 

a monitor for presenting the image of, said selected 

cell. 

7. • Apparatus according to claim 6 wherein said monitor 
includes ; means for sweeping a two-dimensional area 
containing living cells with said laser beam. 

8. Apparatus according to claim 6 wherein it further 
Scoinprises: , 

means for determining the position at" which each 
selected living cell stays in the. field of said monitor; 

means responsive to a signal from said cell-position 
determining means for throwing said laser beam from said, 
laser source; and 

means responsive to a signal from said cell-position 
determining means for directing said laser beam to ,| 
living cell staying at the position represented by sa^ 

i-if 

signal. . . ?. i| 

9. Apparatus according to claim 6 wherein it.fuctb 

• ' • • 

comprises; 
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means for determining the position at which each 
selected living cell stays in the field of said monitor; 

memory means responsive to signals from sfaid cell- 
position determining means for storing the positions of 
selected living cells; and 

means for reading pieces of information from said 
memory means and for directing said laser beam to said 
selected cells one after another. 
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